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CIIAPTER 6 SUMMARY
Th is  i nves t iga t ion  had  two  ma in  pu rposes .  The  f i r s t  was  to  de te rm ine
ind iv idua l  d i s tances  o f  a  number  o f  p lane ta ry  nebu lae  (PN)  i n  o rde r  Eo
cons ide rab ly  en la rge  the  samp le  o f  PN w i th  accu raEe  d i s tances .  The  second
p u r p o s e  w a s  t o  u s e  t h e s e  d i s t a n c e s  t o  l n v e s t i g a t e  s e v e r a l  p r o p e r È l e s  o f  P N
s u c h  a s  t h e i r  i n t r i n s i c  p h y s i c a l  p a r a n e t e r s ,  t h e i r  e v o l u t l o n  i n  t h e
l {e r t zsp rung-Russe l l  d iag ram and  to  ve r i f y  the  va l i d i t y  o f  va r ious  s taE is -
t i ca l  d i s tance  sca les  o f  PN.
I n  C h a p t e r  2  a  f r e q u e n t l y  u s e d  s t a t l s È i c a l  m e t h o d  f o r  E h e  d e t e r m i n a -
t i on  o f  PN d is tances ,  the  "Shk lovsky  ne thod" ,  has  been  inves t iga ted .  Th i - s
s tudy  was  based  on  h igh  reso lu t i on  rad lo  observaË ions  o f  abou t  40  PN a t  Ehe
ga lac t i c  cen t re  (Chap te r  2A)  and  o f  K  648  in  the  g lobu la r  c lus te r  i ' t l 5
(Chapter 28 )  .
I n  Chap te rs  3  and  4  two  methods  Ëo  de te rm ine  d i s tances  to  PN have  been
desc r ibed  and  app l i ed .  In  Chap te r  3  d i s tances  to  12  PN have  been  de te rm ined
f r o n  r e l a t l o n s  o f  l n t e r s t e l l a r  r e d d e n i n g  a s  a  f u n c E i o n  o f  d i s t a n c e  a l o n g
the  l i nes  o f  s igh t  towards  the  PN.  In  Chap te r  4  d i s tances  co  11  PN have
been  de r i ved  us ing  21  c rn  H I  absorp t lon  measurements .
I n  C h a p t e r  5  t h e  d i s t a n c e s  d e r i v e d  i n  C h a p t e r s  3  a n d  4  a n d  o t h e r
accura te  d i s tances  a l ready  pub l i shed  have  been  comb ined  Èo  a  samp le  o f  30
i N  w l t h  " s t a n d a r d  d i s È a n c e s " .  T h i s  s a n p l e  h a s  b e e n  u s e d  t o  d e t e r m l n e
ln l r i ns i c  pa ramete rs  o f  rhe  PN,  to  s tudy  the i r  evo lu t i on  and  to  i nves t iga te
s e v e r a l  s t a E i s t i c a l  d l s t a n c e  s c a l e s .
The  rna in  resu l t s  and  conc lus ions  o f  the  sEud ies  p resen ted  in  Chap te rs
2 to 5 are summatLzed bel-ow.
1 )  Us ing  h lgh  reso lu t l on  6  cm observa t lons  ob ta ined  w i th  the  VLA,  accu ra te
f l ux  dens i t l es  and  angu la r  s i zes  cou ld  be  de te rm ined  fo r  abou t  40  PN a t
t h e  g a l a c t i c  c e n L r e  a n d  f o r  K  6 4 8  i n  I Í 1 5 .  T h e  i o n i z e d  n e b u l a r  m a s s e s
d e r i v e d  v a r y  f r o r n  <  0 . 0 0 8  M o  t o  -  0 . 6  M o .  T h e s e  r e s u l t s  s h o w  t h a e  t h e
Shk lovsky  neEhod  fo r  de te r rn in lng  d i sLances  to 'PN w i l l  genera l l y  l -ead  Ëo
unre l l ab le  d i s tances .
2 )  Àccura te  Wa l raven  VBLUhf  pho tomet ry  o f  s ta rs  l n  sma l l -  f i e lds  a round  13  PN
has  been  ob ta lned .  Us ing  Ëheore t i ca l -  mode l  a tmospheres  the  e f fec t l ve
t e n p e r a L u r e  T u f f . . d  s u r f a c e  g r a v i Ë y  1 o g  g  c o u l d  b e  d e r i v e d  f o r  p r o g r a n
s ta rs  w iËh  T^ . .  )  7000  K .  D is tances  to  these  sLars  \ íe re  de te rm ined  us ingE I I  -
a  c a l i b r a t i o n  o f  a b s o l u E , e  m a g n i t u d e  a s  a  f u n c t l o n  o f  T " f f  r r d  l o g  g .
Th is  caL ib ra t l on  has  been  de r i ved  f ro rn  Ëheore t i ca l  evo lu t i ona ry  mode ls .
I t  cou ld  be  shown thaE the  ca l l b ra t l on  used  leads  to  qu i te  accu raÈe
t2s
d is tances  o f  the  p rog ram s ta rs ;  t i l e  sys te rna t i c  e r ro rs  a re  p robab ly  sna l -
l e r  than  -  LO%.  The  scaÊËer  i n  the  resu l t i ng  redden lng -d i s tance  reLa-
t lons along the l ines of  s ight  towards the PN coul ,d in a l l  but  two cases
be  exp la ined  by  e r ro rs  i n  the  d i s tances  o f  l nd i v ídua l  p rog ram sÈars .
Th is  shows  tha t  the  i r regu la r  d l sL r ibu t lon  o f  dus t  ac ross  che  sky  i s  no t
necessar l l y  the  1 lm lÈ ing  fac to r  i n  the  app l Í ca t lon  o f  t . he  redden lng -
d i s tance  ne thod ,  L f  s ta rs  w i th in  a  few ten ths  o f  a  degree  f ro rn  che  P l l
a r e  u s e d .
The  va lues  fo r  the  in te rs te l l a r  ex t i nc t l on  ln  the  d l rec t i on  o f  the
PN s tud ied  have  been  de te rm ined  accuraEe ly .  Severa l  me thods  were  used
such as a compar ison of  the HB f lux wl th the radlo conÈinuum f lux den-
s i t y  and  the  sc rengËh  o f  the  absorp t lon  fea tu re  aË  l .  2200  A  in  the  U l /
spec t ra  o f  PN,  ob ta lned  w i th  the  IUE sa te l l i t e .  Us ing  in f ra red  observa -
t i ons  ob ta lned  by  IMS,  1 t  has  been  shown thaE ln te rna l  redden ing  i s
general ly  negl- ig ib le cornpared Eo the foreground reddening of  PN.
The  redden ing -d i s tance  re la t l ons ,  comb ined  w i th  the  redden lngs  o f
Ëhe  PN,  p rov lded  d l s tances  to  12  PN w i th  accu rac les  rang ing  f ro rn  -  10  to
- 407".
3 )  H I  absorp t lon  measurements  o f  24  PN toge the r  w i th  absorp t ion  measure '
nen ts  o f  background  sources  near  Ëhe  l i nes  o f  s igh t  towards  the  PN have
been  ob ta ined  us ing  the  Wes te rbo rk  rad io  te lescope .  H I  emiss lon  spec t ra
in  the  d i rec t l ons  to  the  PN have  been  obËa ined  w i th  the  Dwinge loo  rad lo
te lescope .  Us ing  the  k inena t i c  d i s tance  ln fo rna r ion  de r i ved  f ron  these
oeasuremenLs ,  combLned  w i th  d i sLance  ln fo rmat ion  f rom oËher  sources ,  i t
was  poss ib le  to  de te rm ine  d l s tances  Lo  11  PN w i th  accu rac les  rang ing
from -  25 to -  407".
4 )  The  < l i s tances  de r i ved  w i th  the  redden ing -d i s tance  method  and  by  means  o f
the  H I  absorp t ion  measurements ,  comb lned  w i th  d i s tances  a l ready  pub l t sh
êd ,  a  sa rnp le  o f  30  "s tandard  d l sEances"  has  been  cons t ruc ted .  These
d is tances  a re  accu raÈe  i { l t h ln  4O7" .  Ac  p resenÈ th i s  1s  the  la rgee t
sa rnp le  o f  accu ra te  d i s tances  to  PN rha t  i s  ava i l ab le .
5 )  Us ing  the  samp le  o f  s tandard  d i s tances  i t  was  poss lb le  to  g l ve  accura te
pos iE ions  o f  the  PN in  the  HerEzsprung-Russe l l  d iag ram.  A  compar i son  o f
Ëhese  pos iÈ lons  w i th  theore t i ca l  evo lu t i ona ry  t racks  shows  tha t  the rc
a re  severe  d i sc repanc les  be tween  theory  and  observa t ions .  The  observa '
t l ons  show a  cons ide rab le  sp read  in  cen t ra l  s ta r  l um inos l t i es  wh l l l
t heo re t l ca l  mode ls  p red ic t  a  na r row range  in  l um inos i t y .  I t  l s  sho Í !
thaÈ the  mos t  p laus ib le  exp lana t ion  fo r  th i s  d i sc repancy  l s  thaË tb
evo lu t l ona ry  t ime  sca les  p red ic ted  by  Eheory  a re  no t  co r rec t .  I t  l l
sugges ted  thaE these  E ime sca les  can  be  ad jus ted  by  us ing  d i f f e re i l
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cva t lons .  The  observa -
a r  l um inos l - t i es  wh l le
n i n o s i t y .  I t  i s  s h o w n
ic repancy  t s  thaL  Ehe
3  n o E  c o r r e c t .  I t  l e
d  b y  u s i n g  d i f f e r e n t
re  nass  o f  the  cen t ra l
b e  a c c o m p l i s h e d  b Y  a
rev l s ion  o f  the  va lue  fo r  the  enve lope  mass  immed ia te l y  a f te r  enve lope
e j e c L i o n ,  a n d f o r  b y  l n c o r p o r a t i n g  h i g h e r  m a s s  l o s s  r a t e s  a f t e r  t h e
superw lnd  phase  Lhan  assumed in  p resen t  theore t l ca l  node ls .
The  observed  pos ic ions  o f  the  PN in  the  l l e r t zsp rung-Russe l l  d iag ran
lmp ly  thaE the  mass  d i s t r i bu t lon  o f  cen t ra l  s ta rs  i s  l ess  na r ro \d  than
found  ea r l l e r  and  i s  the re fo re  l n  beEte r  ag ree r t ren t  h r i ch  the  mass  d i s -
t r i b u t l o n  o f  w h i t e  d w a r f s .  T h i s  i s  a l s o  c o n s l s t e n t  w l t h  t h e  o b s e r v a -
t i ona l  fac t  thaË the  loca l  b i r th ra tes  o f  PN and  wh iÈe  dwar fs  a re  com-
parab le .
The  theore t i ca l  p red ic t i on  Ëha t  h igh -mass  p rogen l to r  s ta rs  p roduce
high- lurnlnosl ty PN wi th h igher He and N abundances than average is con-
f i rmed  by  t t re  p resen t  observa t ions .
6 )  I t  i s  found  tha t  fo r  the  sanp le  o f  PN w i th  sËandard  d i s tances  the
i o n i z e d  m a s s e s  v a r y  f r o m  -  0 . 0 0 2  M o  t o  2  0 . 5  M o .  T h i s  c o n f l r m s  t h e
resu lÈs  o f  the  s tudy  o f  the  PN a t  Èhe  ga lac t i c  cen t re .
7 )  The  s tandard  d i s tances  a re  used  to  ve r i f y  Ëhe  va l l d i t y  o f  va r ious  s ta -
t i s t l c a l  d i s t a n c e  s c a l e s .  I t  1 s  s h o w n  t h a t  i n d i v i d u a l  d i s t a n c e s  d e r i v e d
f rom Èhese  sca les  a re  genera l l y  qu l te  un re l tab le .  Th ls  i s  due  to  the
la rge  sp read  in  i n t r i ns i c  pa raoe te rs  such  as  ion ized  nebu la r  mass  and
cen t ra l  s ta r  l um inos i t y .  I t  i s  shown tha t  a  un ique  d i s tance  sca le  fo r
a l l  P N  c a n n o t  b e  d e f i n e d .  E a c h  o f  t h e  p u b l l s h e d  s c a l e s  i s  i n  f a c t  a
n ix tu re  o f  seve ra l  sca les  wh ich  rep resen t  PN thaÈ have  o r ig ina ted  f rom
s t a r s  w i t h  d l f f e r e n t  i n i t i a l  m a s s e s .
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